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8QLYHUVLW\ RI 9HWHULQDU\
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7KH 3UHJQDQF\ $VVRFLDWHG *O\FRSURWHLQV 3$*V SUHVHQWHG LQ WKLV SDSHU DUH
ODUJHO\ H[SUHVVHG LQ WKH UXPLQDQW SODFHQWD 7KHVH SURWHLQV DUH FODVVLILHG DV SUREDEO\
LQDFWLYH PHPEHUV RI WKH DVSDUWLF SURWHLQDVH IDPLO\ 3HSVLQRJHQ UHQLQ FDWKHSVLQ ( 	
' DQG FK\PRVLQH DUH W\SLFDO PHPEHUV RI WKLV IDPLO\ FKDUDFWHULVHG E\ WKH SUHVHQFH
RI DVSDUWLF DFLGV ERDUGLQJ WKH UHFRJQLWLRQ VLWHV 6HFUHWHG LQ WKH SHULSKHUDO EORRG RI
WKH SUHJQDQW IHPDOH IURP HDUO\ SUHJQDQF\ WKHVH SURWHLQV FDQ EH XVHG LQ VHURORJLFDO
WHVWV IRU HVWDEOLVKLQJ GLIIHUHQW GLDJQRVHV ,Q WKH YHWHULQDU\ SUDFWLFH WKHVH GLDJQRVHV
DUH XVHIXO IRU ERWK SUHJQDQF\ FRQILUPDWLRQ DQG IROORZXS RI WURSKREODVWLF IXQFWLRQ
7KH ILUVW DVSHFW FDQ KHOS EUHHGHUV LQ WKH PDQDJHPHQW RI UHSURGXFWLRQ ZKLOH WKH VHF
RQG RQH PRUH VSHFLILFDOO\ FRQFHUQV FOLQLFLDQV DQG UHVHDUFKHUV ZLVKLQJ WR HVWDEOLVK D
GLIIHUHQWLDO GLDJQRVLV RI SDWKRORJLF FRQGLWLRQV DIIHFWLQJ SUHJQDQF\
.H\ ZRUGV 3UHJQDQF\ DVVRFLDWHG JO\FRSURWHLQV FRZ VKHHS JRDW
, 3UHJQDQF\ DVVRFLDWHG JO\FRSURWHLQV RI UXPLQDQWV
3URWHLQV VHFUHWHG E\ WKH SODFHQWD %HFNHUV HW DO  ZKHQ GHWHFWHG LQ
WKH SHULSKHUDO FLUFXODWLRQ RI WKH PRWKHU FDQ EH XVHIXO LQGLFDWRUV RI ERWK SUHJQDQF\
DQG IHWRWURSKREODVW ZHOOEHLQJ $VFKKHLP DQG =RQGHN  6FLDUUD HW DO 
%RKQ  ,Q  %XWOHU HW DO LVRODWHG WZR SUHJQDQF\VSHFLILF SURWHLQV 363$
DQG 363% IURP ERYLQH SODFHQWDO PHPEUDQHV 363$ ZDV LGHQWLILHG DV α
IHWRSURWHLQ ZKLFK LV QRW VWULFWO\ OLPLWHG WR SUHJQDQF\ ZKLOH 363% ZDV FRQILUPHG
DV EHLQJ VSHFLILF IRU WKH SODFHQWD DQG SUHJQDQF\ 6DVVHU HW DO  363% ZDV
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7KLV SDSHU ZDV SXEOLVKHG LQ WKH SURFHHGLQJV RI WKH ;WK &RQJUHVV RI WKH +XQJDULDQ $V
VRFLDWLRQ IRU %XLDWULFV 6LyIRN 0D\ ± 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 (PDLO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 %(&.(56 HW DO
$FWD 9HWHULQDULD +XQJDULFD  
FKDUDFWHULVHG DV D JO\FRSURWHLQ VKRZLQJ UHODWLYH PROHFXODU PDVVHV 0U EHWZHHQ
 DQG  N'D DQG SUHVHQWLQJ GLIIHUHQW LVRHOHFWULF SRLQWV IURP  WR  7KH 0U
RI 363% ZDV VLPLODU WR WKH 0U RI WKH PROHFXOH LVRODWHG E\ /DVWHU 
,Q  =ROL HW DO SXULILHG D SUHJQDQF\DVVRFLDWHG JO\FRSURWHLQ 3$*
ODWHU GHVLJQDWHG DV 3$* ;LH HW DO   DQG FXUUHQWO\ GHVLJQDWHG DV
3$*, EHFDXVH LWV 0U LV  N'D )RXU LVRIRUPV 3,    DQG 
ZHUH GHWHFWHG LQ WKH LQLWLDO SUHSDUDWLRQ 6XEVHTXHQW PROHFXODU FORQLQJ VWXGLHV
VKRZHG WKDW 363% DQG 3$*, ZHUH FORVHO\ UHODWHG LQ SULPDU\ VWUXFWXUH
/\QFK HW DO  7KHVH JO\FRSURWHLQV HLWKHU 363% DQG 3$*, FRXOG EH
GHWHFWHG LQ WKH PDWHUQDO FLUFXODWLRQ DW DURXQG WKH WLPH ZKHQ WKH WURSKREODVW
IRUPV GHILQLWLYH DWWDFKPHQW WR WKH XWHULQH ZDOO $IWHUZDUGV WKHLU FRQFHQWUDWLRQV
LQFUHDVH JUDGXDOO\ DQG UHDFK SHDN YDOXHV RI DERXW  WR  JPO MXVW EHIRUH SDUWX
ULWLRQ 6DVVHU HW DO  =ROL HW DO  363% DQG 3$* PROHFXOHV DUH URX
WLQHO\ GHWHUPLQHG LQ SHULSKHUDO PDWHUQDO EORRG DV SUHJQDQF\ PDUNHUV LQ FDWWOH
6DVVHU HW DO  +XPEORW HW DO D =ROL HW DO  (FWRUV HW DO 
6]HQFL HW DO DE
*O\FRSURWHLQV LPPXQRORJLFDOO\ UHODWHG WR 3$*, DQG 363% KDYH EHHQ
LVRODWHG DQG SDUWLDOO\ FKDUDFWHULVHG IURP RYLQH IHWDO FRW\OHGRQV R3$* ODWHU
GHVLJQDWHG DV R3$*, =ROL HW DO  DQG R363% :LOODUG HW DO  7KH\
DOVR KDYH EHHQ GHWHFWHG LQ PDWHUQDO EORRG E\ ZHHN  :LOODUG HW DO  RU
ZHHN  5DQLOOD HW DO  DIWHU EUHHGLQJ 'LIIHUHQW IRUPV GLIIHULQJ LQ 0U DQG
LVRHOHFWULF SRLQW ZHUH FKDUDFWHULVHG DIWHU LVRODWLRQ IURP VKHHS FRW\OHGRQV FXO
WXUHG LQ YLWUR ;LH HW DO  9HU\ UHFHQWO\ WKUHH GLIIHUHQW 3$*V KDYLQJ 0U
RI   DQG  N'D KDYH EHHQ FKDUDFWHULVHG IURP JRDW SODFHQWD (DFK RI WKHP
SUHVHQWHG YDULRXV LVRHOHFWULF SRLQWV *DUED\R HW DO 
,Q  ;LH HW DO FORQHG 3$* QRZ NQRZQ DV 3$*, IURP ODWH ER
YLQH DQG RYLQH SODFHQWD E\ VFUHHQLQJ F'1$ OLEUDULHV ZLWK WZR DQWL3$* DQWL
VHUD 7KH ERYLQH DQG RYLQH F'1$V HQFRGLQJ 3$*, VKDUHG  LGHQWLW\ LQ QX
FOHRWLGH VHTXHQFH HQFRGLQJ IRU SURWHLQV RI  DQG  DPLQR DFLGV UHVSHF
WLYHO\ LQFOXGLQJ D  DPLQR DFLG VLJQDO VHTXHQFH +RZHYHU SURWHLQ VHTXHQFH
GDWD SHSWLGH VHTXHQFLQJ KDYH DOUHDG\ VKRZQ WKDW WKH ILUVW DPLQR DFLG RI WKH
ERYLQH 3$*, LV DQ DUJLQLQH WKDW FRUUHVSRQGV WR DQRWKHU RQH ORFDWHG DW SRVL
WLRQ  7KH GRZQVWUHDP RI WKH VLGH RI VLJQDO VHTXHQFH FOHDYDJH LQGLFDWHV WKDW
3$*, XQGHUJRHV SRVWWUDQVODWLRQDO PRGLILFDWLRQV IURP D SURIRUP
,, 3$*V 0HPEHUV RI WKH $VSDUWLF 3URWHLQDVH IDPLO\
7KH PRVW VXUSULVLQJ IHDWXUH RI 3$* UHYHDOHG E\ WKH FORQLQJ H[SHULPHQW
RQ ERYLQH DQG RYLQH PROHFXOHV LQ  ;LH HW DO  ZDV WKDW WKH\ EHORQJHG
WR D ODUJH IDPLO\ RI SURWHRO\WLF HQ]\PHV NQRZQ DV DVSDUWLF SURWHLQDVHV ,Q SDU
35(*1$1&< $662&,$7(' */<&23527(,16 ,1 580,1$176 
$FWD 9HWHULQDULD +XQJDULFD  
WLFXODU WKH 3$*V >3$*, ERYLQH DQG 3$*, RYLQH 1+ WHUPLQXV )'7$66
DQG )'7*66 &22+ WHUPLQXV 9'7*76 DQG 9*7*76 UHVSHFWLYHO\@ KDG WKH
JUHDWHVW VHTXHQFH LGHQWLW\ ZLWK SHSVLQRJHQV >3HSVLQ KXPDQ &DWKHSVLQ ' DQG (
KXPDQ 1+ WHUPLQXV )'7*66 &22+ WHUPLQXV 9'7*76 UHVSHFWLYHO\@
$WNLQVRQ HW DO  5REHUWV HW DO  ;LH HW DO  *UHHQ HW DO 
+RZHYHU RZLQJ WR PXWDWLRQV DURXQG WKH DFWLYH VLWH WKDW ZRXOG OLNHO\ LQWHU
IHUH ZLWK WKH FDWDO\WLF PHFKDQLVP ERYLQH DQG RYLQH 3$*, DUH SUREDEO\ QRW DEOH
WR DFW DV SURWHRO\WLF HQ]\PHV 7KLV IHDWXUH FDQQRW EH GLVFXVVHG FRPSOHWHO\ EHFDXVH
PRVW 3$* PROHFXOHV DUH \HW WR EH GLVFRYHUHG DQG FKDUDFWHULVHG 7DEOH 
7DEOH 
3$*V DQG 363% LGHQWLILHG VR IDU LQ SODFHQWD RU LQ VHUXP
)DPLO\ 6SHFLHV
3UHVHQFH RI
SUHJQDQF\ SURWHLQV $XWKRUV
3$* 363%
5XPLQDQW %RYLQH %RV WDXUXV   %XWOHU HW DO  =ROL HW
DO  ;LH HW DO 
2YLQH 2YLV DULHV   =ROL HW DO  :LOODUG HW
DO  ;LH HW DO 
&DSULQH &DSUD KLUFXV   +XPEORW HW DO  DQG
 *DUED\R HW DO 
&HUYLG 5RFN\ PRXQWDLQ HON &HUYXV
HODSKXV QHOVRQL
 :LOODUG HW DO 
)DOORZ GHHU 'DPD GDPD  :LOODUG HW DO 
0XOH GHHU 2GRFRLOHXV KHPL
RQXV
 :RRG HW DO 
:KLWHWDLOHG GHHU 2GRFRLOHXV
YLUJLQLDQXV
 :RRG HW DO  2VERUQ
HW DO 
-DSDQHVH GHHU &HUYXV QLSSRQ  :LOODUG HW DO 
:RRG ELVRQ %LVRQ ELVRQ DWK
EDVFDH
 +DLJK HW DO 
(TXLQH +RUVH (TXXV FDEDOOXV  *UHHQ HW DO 
=HEUD (TXXV ]HEUD  *DQ HW DO 
)HOLQH &DW )HOLV GRPHVWLFD  *DQ HW DO 
3RUFLQH 3LJ 6XV VFURID GRPHVWLFD  6]DIUDQVND HW DO 
 %(&.(56 HW DO
$FWD 9HWHULQDULD +XQJDULFD  
$OWKRXJK LQLWLDOO\ LW ZDV EHOLHYHG WKDW WKHUH ZDV RQO\ D VLQJOH 3$* PROH
FXOH LW KDV EHFRPH LQFUHDVLQJO\ FOHDU WKDW WKHUH DUH SRVVLEO\ PRUH WKDQ RQH KXQ
GUHG 3$* JHQHV LQ UXPLQDQWV DQG WKDW PRVW RI WKHVH JHQHV DUH H[SUHVVHG
*HQRPLF 6RXWKHUQ %ORW DQDO\VLV SHUIRUPHG ZLWK H[WURQVSHFLILF SUREHV XQGHU
VWULQJHQW FRQGLWLRQV SURYLGHG WKH LQLWLDO KLQW WKDW WKH 3$* JHQH IDPLO\ ZDV D
ODUJH DQG FRPSOH[ RQH *UHHQ HW DO 
,,, 3$* DVVD\V LQ YDULRXV VSHFLHV RI UXPLQDQWV
,Q UHODWLRQ WR H[SHULPHQWDO UHSURGXFWLYH SK\VLRORJ\ DQG YHWHULQDU\ SUDFWLFH
DVVD\V RQ 3$* PROHFXOHV FORVH WR 3$*, KDYH EHHQ GHYHORSHG LQ GLIIHUHQW VSHFLHV
,,,  &DWWOH
,Q  =ROL HW DO SXEOLVKHG WKH SURILOH IRU 3$*, GXULQJ ERYLQH
SUHJQDQF\ DQG UHFRPPHQGHG WR XVH WKH 5,$ WHVW IRU HDUO\ SUHJQDQF\ GLDJQRVLV
$V D FRPPRQ UXOH 3$*, DSSHDUV LQ WKH SHULSKHUDO EORRG RI WKH PRWKHU RU
HPEU\R UHFLSLHQW DURXQG GD\  DIWHU IHUWLOLVDWLRQ ZLWK D JUHDW YDULDELOLW\ EH
WZHHQ IHPDOHV 6RPH FRZV SUHVHQWHG YHU\ ORZ OHYHOV HYHQ DW 'D\  ZKHQ WKHLU
SUHJQDQFLHV ZHUH DOUHDG\ FRQILUPHG E\ XOWUDVRQRJUDSK\ 6]HQFL HW DO D
$IWHU 'D\  LWV SODVPD OHYHOV SURJUHVVLYHO\ LQFUHDVH WR UHDFK PD[LPXP YDOXHV
 WR  JPO DURXQG SDUWXULWLRQ =ROL HW DO  7KH UHODWLYHO\ ORQJ WLPH
QHHGHG IRU E363% RU E3$*, WR EH FOHDUHG IURP PDWHUQDO FLUFXODWLRQ FDQ EH
H[SODLQHG E\ WKH YHU\ KLJK FRQFHQWUDWLRQV SUHVHQW LQ EORRG DW SDUWXULWLRQ DV ZHOO
DV E\ D ORQJ VSHFLILF KDOIOLIH RI WKHVH SURWHLQV 5XGHU DQG 6DVVHU  +XP
EORW HW DO E =ROL HW DO  .LUDNRIH HW DO  +LJKHU FRQFHQWUDWLRQV
ZHUH REVHUYHG LQ PDWHUQDO VHUXP WKDQ LQ IHWDO VHUXP VXJJHVWLQJ WKDW WKH JO\
FRSURWHLQ V\QWKHVL]HG E\ WKH IHWDO SODFHQWD LV VHFUHWHG PDLQO\ LQWR WKH PDWHUQDO
FLUFXODWLRQ ,QYHVWLJDWLRQV PDGH LQ WKH SHULSDUWDO SHULRG FOHDUO\ GHPRQVWUDWHG WKH
SRVLWLYH LQIOXHQFH RI ERWK PDWHUQDO HQYLURQPHQW DQG IHWXV JHQRW\SH VH[ DQG
IDPLO\ RQ SHULSKHUDO FRQFHQWUDWLRQV RI E3$* 7KH H[SHULPHQWV RI LQWHUVSHFLHV
IHUWLOLVDWLRQV FRQILUPHG WKLV K\SRWKHVLV EHFDXVH WKH H[SUHVVLRQ RI DQWLJHQV E\
WURSKREODVW FHOOV DUH UHFRJQL]HG DV IRUHLJQ ERGLHV E\ WKH PDWHUQDO LPPXQH V\V
WHP ,Q IDFW WKH WURSKREODVWV RI FURVVEUHG IHWXVHV H[SUHVV PRUH VLPLODU DQWLJHQV
WR WKH PRWKHU WKDQ IHWXVHV XQUHODWHG WR WKH EUHHG RI WKH UHFLSLHQW 6R FRQFHQWUD
WLRQV RI E3$* ZLOO EH IRXQG WR EH PRUH HOHYDWHG LQ LQWUDVSHFLHV FURVVEUHGV WKDQ
LQ LQWHUVSHFLHV RQHV )HUQiQGH]$ULDV HW DO 
$IWHU ,9) RU FORQLQJ WKH IROORZXS RI 3$* LQ SODVPD VDPSOHV FROOHFWHG
ZHHNO\ ZDV VXLWDEOH IRU PRQLWRULQJ HPEU\RQLF RU IHWDO GHDWKV (FWRUV HW DO
 ,Q WKH YHWHULQDU\ SUDFWLFH UDGLRLPPXQRDVVD\V 5,$V RI 3$* DQGRU
363% LQ SODVPD VDPSOHV DUH KHOSIXO WR FRQILUP SUHJQDQF\ GLDJQRVHV HVWDEOLVKHG
35(*1$1&< $662&,$7(' */<&23527(,16 ,1 580,1$176 
$FWD 9HWHULQDULD +XQJDULFD  
E\ UHFWDO SDOSDWLRQ RU XOWUDVRQRJUDSK\ 6]HQFL HW DO E 0RUHRYHU WKH IRO
ORZXS RI ERWK E3$* DQG 363% GXULQJ SUHJQDQF\ SHUPLWV WR NHHS WUDFN RI WKH
YLDELOLW\ RI WKH IHWRSODFHQWDO XQLW +RZHYHU GXH WR ODUJH YDULDWLRQV LQ E3$*
363% FRQFHQWUDWLRQV RI WKH PDWHUQDO EORRG RQO\ WKH PDUNHG GHFUHDVH RU GLVDS
SHDUDQFH RI WKH VHUXP FRQFHQWUDWLRQV RI WKHVH SURWHLQV FDQ EH DQ XQDPELJXRXV
SUHGLFWLYH VLJQ RI HPEU\RQLF RU IHWDO GHDWK 6]HQFL HW DO  $W WKH VDPH
WLPH DEQRUPDO HOHYDWLRQV LQ WKHLU FRQFHQWUDWLRQV UHYHDO LQWHUVSHFLHV EUHHGLQJ RU
DEQRUPDO DPRXQW RI WURSKREODVWLF WLVVXHV DV REVHUYHG LQ K\GDWLIRUP PRODU SUHJ
QDQF\ (FWRUV HW DO 
(FWRUV HW DO  VKRZHG WKDW LQ QXFOHDU WUDQVIHU SURJUDPV HYHQ LI WKH PD
MRULW\ RI FDOYHV DUH RI QRUPDO VL]H VRPH RI WKHP FDQ SUHVHQW PRUSKRORJLFDO DEQRU
PDOLWLHV DPRQJ ZKLFK RQH SODFHQWDO K\SHUWURSK\ ZLWK DQ LQFUHDVH LQ WKH QXPEHU DQG
GLDPHWHU RI FRW\OHGRQV LV UHVSRQVLEOH IRU K\SHUVHFUHWLRQV RI E3$* 'DWD REWDLQHG
IURP WKLV DVVRFLDWHG UHVHDUFK µFORQHG HPEU\RV DQG E3$* SUHJQDQF\ IROORZXS¶
PD\ SHUPLW WR VXJJHVW WKH H[LVWHQFH RI D FRPSOH[ V\QGURPH DVVRFLDWLQJ ODUJH FDOYHV
DW ELUWK WURSKREODVWLF K\SHUWURSK\ DQG DEQRUPDO SURILOHV RI E3$*
,,,  6KHHS
,Q VKHHS SURILOHV RI 3$*V ZHUH DOVR GHWHUPLQHG DQG DSSHDUHG TXLWH GLI
IHUHQW WKDQ WKRVH REWDLQHG LQ FDWWOH $IWHU D ILUVW SHULRG RI KLJK FRQFHQWUDWLRQ
DURXQG 'D\  WKH FRQFHQWUDWLRQV GHFUHDVH XQWLO 'D\  DQG LQFUHDVH DJDLQ WR
UHPDLQ HOHYDWHG DQG VWDEOH XQWLO SDUWXULWLRQ 5DQLOOD HW DO  7KH SRVWSDU
WXP GHFUHDVH LQ SODVPD FRQFHQWUDWLRQV LQ WKLV VSHFLHV LV PRUH UDSLG WKDQ WKDW
GHVFULEHG LQ ERYLQH SURILOHV =ROL HW DO  5DQLOOD HW DO 
$V WKH SODFHQWD UHVFXHV WKH FRUSRUD OXWHD IRU SURJHVWHURQH V\QWKHVLV
DURXQG 'D\  WKH SVHXGRSUHJQDQF\ V\QGURPH ZDV UDUHO\ REVHUYHG LQ WKLV VSH
FLHV ,QGHHG DIWHU HPEU\RQLF RU IHWDO GHDWK RFFXUULQJ EHWZHHQ 'D\V  DQG  RI
SUHJQDQF\ WKH LQWHUUXSWLRQ RI JHVWDWLRQ RU SVHXGRSUHJQDQF\ DQG µRSHQLQJ¶ RI
WKH FHUYL[ RFFXU DURXQG 'D\  WR  ZKHQ WKH FRUSRUD OXWHD GHFUHDVH WKHLU SUR
JHVWHURQH SURGXFWLRQ DQG VHFUHWLRQ DQG DUH QRW UHOD\HG E\ WKH SODFHQWD
,,,  *RDWV
,Q JRDWV 6RXVD HW DO  VLPXOWDQHRXVO\ H[DPLQHG WKH SURILOHV RI 3
DQG 3$* LQ WZR QDWLYH EUHHGV 0RVFRWR DQG &DQLQGp IURP 1RUWKHDVW %UD]LO
*RDWV FDUU\LQJ WZR IHWXVHV KDG KLJKHU 3$* FRQFHQWUDWLRQV GXULQJ SUHJQDQF\
WKDQ WKRVH FDUU\LQJ D VLQJOH IHWXV +RZHYHU VLJQLILFDQW GLIIHUHQFHV ZHUH RQO\
IRXQG LQ ZHHNV   DQG  UHVSHFWLYHO\
%DVHG RQ WKH SK\VLRORJ\ RI WKH SUHJQDQF\ LQ WKH JRDW FDSULQH SUHJQDQF\
LV GHSHQGHQW RQ FRUSXV OXWHXP XQWLO WKH HQG RI SUHJQDQF\ 7KHUHIRUH LW LV VXU
SULVLQJ WKDW SURJHVWHURQH V\QWKHVLV ZDV GHFUHDVHG GXULQJ VRPH ZHHNV LQ PLG
 %(&.(56 HW DO
$FWD 9HWHULQDULD +XQJDULFD  
SUHJQDQF\ DQG UHHVWDEOLVKHG E\ WKH HQG RI SUHJQDQF\ 7KH SHUVLVWHQFH RI SUHJ
QDQF\ HYHQ ZLWK YHU\ ORZ OHYHOV RI SURJHVWHURQH PLJKW EH H[SODLQHG E\ WKH UDSLG
UDWH RI WKH PHWDEROLVP RI SURJHVWHURQH LQWR βSUHJQDQHααGLRO ZKLFK LV
UHVSRQVLEOH IRU WKH PDLQ SODFHQWDO SURJHVWDWLYH DFWLYLW\ GXULQJ JRDW SUHJQDQF\
7KLV PROHFXOH KDV EHHQ UHSRUWHG WR RFFXU LQ H[WUDFWV RI SODFHQWD FXOWXUHG LQ YLW
UR 8QIRUWXQDWHO\ LW GRHV QRW FURVVUHDFW LQ 5,$ RI SURJHVWHURQH 6RXVD HW DO
 7KLV IDFW KDV WR EH GLVWLQJXLVKHG IURP WKH µSVHXGRSUHJQDQF\ V\QGURPH¶
IRXQG LQ WKLV VSHFLHV XS WR  LQ VRPH EUHHGV DQG LV FKDUDFWHULVHG E\ KLJK
UHPDLQLQJ SURJHVWHURQH FRQFHQWUDWLRQV LQ QRQSUHJQDQW IHPDOHV WKDW KDYH RU
KDYH QRW EHHQ IHUWLOLVHG ,Q WKLV VSHFLHV WKH DEVHQFH RI UHVFXH E\ WKH SODFHQWDO
XQLW IRU VHFUHWLRQ RI SURJHVWHURQH H[SODLQV WKH SRVVLELOLW\ IRU WKH FRUSXV OXWHXP
WR ZRUN µRQ LWV RZQ¶ DQG FRQWLQXH LWV VHFUHWLRQ RI 3 IRU D SHULRG HTXDO RU VXSH
ULRU WR QRUPDO SUHJQDQF\ ,Q WKHVH FDVHV SURJHVWHURQH FRQFHQWUDWLRQV DUH KLJKHU
WKDQ  QJPO LH DFWLYH &/ ZKLOH 3$* FRQFHQWUDWLRQV UHPDLQ DW EDVDO OHYHOV
6RXVD HW DO  =DUURXN HW DO  7KH FRPELQDWLRQ RI XOWUDVRQRJUDSK\
ZLWK SODVPDWLF DVVD\V RI 3$*363% ZLOO EH RI LQWHUHVW LQ WKHVH FDVHV 7KH WUHDW
PHQW RI WKHVH SDWKRORJLHV UHOLHV RQ WKH DGPLQLVWUDWLRQ RI SURVWDJODQGLQV
,9 3HUVSHFWLYHV
$W SUHVHQW ZH DUH ORRNLQJ IRU QHZ 3$* IRUPV LQ RUGHU WR LPSURYH WKH DF
FXUDF\ RI SUHJQDQF\ GLDJQRVHV LQ WKH FRZ 6]HQFL HW DO E 1RZDGD\V WKH
3$*, 5,$ V\VWHP FODVVLFDO 5,$ LV XVHG IRU SUHJQDQF\ GLDJQRVLV LQ WKH
SUDFWLFH ,Q WKLV 5,$ WHVW DQ DQWLVHUXP DJDLQVW WKH  N'D 3$* SXULILHG E\ =ROL
HW DO  LV XVHG 3XUH N'D ERYLQH 3$* LV SXULILHG RQFH D \HDU DFFRUGLQJ
WR WKH PHWKRG GHVFULEHG E\ =ROL HW DO 
$IWHU SXULI\LQJ PLGSUHJQDQW JRDW SODFHQWD WKUHH QHZ IRUPV RI 3$* KDYH
EHHQ FKDUDFWHULVHG UHFHQWO\ 3$* 3$* DQG 3$* *DUED\R HW DO 
7ZR SXULILHG SUHSDUDWLRQV DUH QRZ DYDLODEOH D PL[WXUH RI  DQG  N'D 3$* DQG
RI  DQG  N'D 3$* $QWLVHUD ZHUH UDLVHG DJDLQVW WKHVH VXEVWDQFHV LQ UDEELWV
7KH GLOXWLRQ WLWUH RI WKH DQWLVHUXP DJDLQVW WKH  DQG  N'D 3$* LV  $W
SUHVHQW ZH XVH WKH    N'D 3$* 5,$ LQ FRPSDULVRQ ZLWK WKH FODVVLFDO V\VWHP
RI  N'D 3$* LQ RUGHU WR LPSURYH WKH DFFXUDF\ RI WKH 5,$ WHVW $FFRUGLQJ WR RXU
SUHOLPLQDU\ UHVXOWV 3HUpQ\L  D KLJK FRUUHODWLRQ U   ZDV IRXQG EH
WZHHQ WKH WZR DVVD\V 7KH 3$*    V\VWHP FRXOG EH XVHIXO WR VHW XS SUHJ
QDQF\ GLDJQRVLV LQ GRXEWIXO FDVHV FORVH WR WKH WKUHVKROG YDOXH REWDLQHG E\ WKH
FODVVLFDO 5,$ PHWKRG ,W FRXOG DOVR EH SRVVLEOH WKDW SUHJQDQF\ GLDJQRVLV EDVHG RQ
WKH 3$*    5,$ V\VWHP ZRXOG EH PRUH DFFXUDWH WKDQ WKH 3$*  5,$
PHWKRG 7KLV K\SRWKHVLV KDV WR EH YHULILHG E\ IXUWKHU LQYHVWLJDWLRQV XVLQJ D ODUJH
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QXPEHU RI SUHJQDQW DQG QRQSUHJQDQW SODVPD VDPSOHV WKDW ZRXOG SHUPLW XV WR
GHILQH WKH WKUHVKROG YDOXH IRU WKH DSSOLFDWLRQ RI WKH 3$*   5,$
,Q FRQFOXVLRQ DIWHU D IHZ \HDUV RI FROODERUDWLYH HIIRUWV DLPHG DW HYDOXDW
LQJ WKH YDOXH RI 3$* GHWHUPLQDWLRQ LQ SK\VLRORJLFDO DQG SDWKRORJLFDO VLWXDWLRQV
ZH VXJJHVW PXOWLSOH DSSURDFKHV FRPELQLQJ FOLQLFDO XOWUDVRXQG H[DPLQDWLRQV LQ
FRQMXQFWLRQ ZLWK VHURORJLFDO GHWHUPLQDWLRQ RI SURJHVWHURQH 3 GLIIHUHQW
3$*V RHVWURQH VXOSKDWH DQG SODFHQWDO ODFWRJHQ LQ RUGHU WR JDLQ D EHWWHU XQGHU
VWDQGLQJ RI WKH SK\VLRORJ\ DQG SDWKRORJ\ RI SODFHQWDO IXQFWLRQ 6XFK ORQJLWXGL
QDO VWXGLHV DUH H[SHFWHG WR EULQJ DEXQGDQW LQIRUPDWLRQ RQ WKH SDWKRJHQHVLV RI
WURSKREODVWLF GLVWUHVVHV OHDGLQJ WR HPEU\RQLF RU IHWDO GHDWK
$FNQRZOHGJHPHQWV
7KLV UHYLHZ LV SDUW RI D VWXG\ VXSSRUWHG E\ WKH IROORZLQJ JUDQWV 7KH LQYHVWLJDWLRQV
UHDOLVHG LQ %HOJLXP ZHUH IXQGHG E\ )156 DQG ,56,$ JUDQWV WR - ) %HFNHUV - 0 *DUED\R
LV VXSSRUWHG E\ D JUDQW IURP WKH 6SDQLVK 0LQLVWU\ RI $JULFXOWXUH )LVKHULHV DQG )RRG $
=DUURXN ZDV VXSSRUWHG E\ D JUDQW IURP WKH 7XQLVLDQ 0LQLVWU\ RI (GXFDWLRQ 7KH +XQJDULDQ
SDUW RI WKH VWXG\ ZDV VXSSRUWHG E\ WKH +XQJDULDQ 6FLHQWLILF 5HVHDUFK )XQG 27.$ JUDQW
QR 27.$ 7
5HIHUHQFHV
$VFKKHLP 6 DQG =RQGHN %  'LH 6FKZDQJHUVKDIWVGLDJQRVH DXV GHP +DUQ GXUFK 1DFKZHLV
GHV +\SRSK\VHQYRUGHUODSSHQKRUPRQV .OLQ :VFKU  ±
$WNLQVRQ < + *RJROLQ(ZHQV . - +RXQVHO ( ) 'DYLHV 0 - %UDQGRQ 0 5 DQG 6HD
PDUN 5 )  &KDUDFWHUL]DWLRQ RI SODFHQWDWLRQVSHFLILF ELQXFOHDWH FHOO JO\FRSURWHLQV
SRVVHVVLQJ D QRYHO FDUERK\GUDWH - %LRO &KHP  ±
%HFNHUV - ) =DUURXN $ %DWDOKD ( 6 *DUED\R - 0 0HVWHU / DQG 6]HQFL 2  (QGR
FULQRORJ\ RI SUHJQDQF\ &KRULRQLF 6RPDWRPDPPRWURSLQV DQG 3UHJQDQF\DVVRFLDWHG *O\
FRSURWHLQV 5HYLHZ $FWD 9HW +XQJ  ±
%RKQ +  ,VRODWLRQ DQG FKDUDFWHUL]DWLRQ RI SODFHQWDO SURWHLQV ZLWK VSHFLDO UHIHUHQFH WR
SUHJQDQF\VSHFLILF αJO\FRSURWHLQ DQG RWKHU SURWHLQV VSHFLILF WR WKH SODFHQWD ,Q .ORS
SHU $ DQG &KDUG 7 HGV 3ODFHQWDO 3URWHLQV 6SULQJHU9HUODJ %HUOLQ SS ±
%XWOHU - ( +DPLOWRQ : & 6DVVHU 5 * 5XGHU & $ +DVV * 0 DQG :LOOLDPV 5 - 
'HWHFWLRQ DQG SDUWLDO FKDUDFWHUL]DWLRQ RI WZR ERYLQH SUHJQDQF\VSHFLILF SURWHLQV %LRO 5H
SURG  ±
(FWRUV ) - 'ULRQ 3 9 'HOYDO $ 6PLWK / & 6XORQ - =DDLHU ' 6]HQFL 2 5HP\ %
%HFNHUV - ) DQG (FWRUV )  ,QWHUHVWV RI SUHJQDQF\ IROORZXS LQ FRZV DIWHU HPEU\R
WUDQVIHU VSHFLDO IRFXVLQJ RQ ,93 	 17 q &ROORTXH $VVRFLDWLRQ (XURSpHQQH GH 7UDQVIHU
(PEU\RQQDLUH /\RQ SS ±
)HUQiQGH]$ULDV $ $ODEDUW - / )ROFK - DQG %HFNHUV - )  ,QWHUVSHFLHV SUHJQDQF\ RI
6SDQLVK LEH[ &DSUD S\UHQDLFD IHWXV LQ GRPHVWLF JRDW &DSUD KLUFXV UHFLSLHQWV LQGXFHV
DEQRUPDOO\ KLJK SODVPDWLF OHYHOV RI SUHJQDQF\DVVRFLDWHG JO\FRSURWHLQ 7KHULRJHQRORJ\
VXEPLWWHG
 %(&.(56 HW DO
$FWD 9HWHULQDULD +XQJDULFD  
*DQ ; ;LH 6 *UHHQ - DQG 5REHUWV 5 0  ,GHQWLILFDWLRQ RI WUDQVFULSWV IRU SUHJQDQF\
DVVRFLDWHG JO\FRSURWHLQ 3$* LQ &DUQLYRUD DQG 3HULVVRGDFW\OD %LRO 5HSURG $EVWUDFW 
*DUED\R - 0 5HP\ % $ODEDUW - / )ROFK - :DWWLH] 5 )DOPDJQH 3 DQG %HFNHUV - )
 ,VRODWLRQ DQG SDUWLDO FKDUDFWHUL]DWLRQ RI D 3UHJQDQF\$VVRFLDWHG *O\FRSURWHLQ
IDPLO\ IURP WKH JRDW SODFHQWD %LRO 5HSURG  ±
*UHHQ - ;LH 6 1HZPDQ $ 6]DIUDQVND % 5REHUWV 5 0 %DNHU & % DQG 0F'RZHOO . 
3UHJQDQF\ DVVRFLDWHG JO\FRSURWHLQV RI WKH KRUVH %LRO 5HSURG  6XSSO  $EVWUDFW 
*UHHQ - $ ;LH 6 DQG 5REHUWV 5 0  3HSVLQUHODWHG PROHFXOHV VHFUHWHG E\ WURSKREODVW
5HY 5HSURG  ±
+DLJK - & *DWHV & 5XGHU $ DQG 6DVVHU 5 *  'LDJQRVLV RI SUHJQDQF\ LQ ZRRG ELVRQ
XVLQJ D ERYLQH DVVD\ IRU SUHJQDQF\VSHFLILF SURWHLQ % 7KHULRJHQRORJ\  ±
+XPEORW 3 &DPRXV 6 0DUWDO - &KDUOHU\ - -HDQJX\RW 1 7KLELHU 0 DQG 6DVVHU 5 *
D 'LDJQRVLV RI SUHJQDQF\ E\ UDGLRLPPXQRDVVD\ RI D SUHJQDQF\VSHFLILF SURWHLQ LQ
WKH SODVPD RI GDLU\ FRZV 7KHULRJHQRORJ\  ±
+XPEORW 3 &DPRXV 6 0DUWDO - &KDUOHU\ - -HDQJX\RW 1 7KLELHU 0 DQG 6DVVHU 5 *
E 3UHJQDQF\ VSHFLILF SURWHLQ % SURJHVWHURQH FRQFHQWUDWLRQV DQG HPEU\RQLF PRU
WDOLW\ GXULQJ HDUO\ SUHJQDQF\ LQ GDLU\ FRZV - 5HSURG )HUW  ±
+XPEORW 3 &RXUWLQ + -HDQJX\RW 1 7KLELHU 0 DQG 6DVVHU 5 *  3UHJQDQF\ VSHFLILF
SURWHLQ % DQG RHVWURQH VXOIDWH FRQFHQWUDWLRQV GXULQJ SUHJQDQF\ DQG HPEU\RQLF PRUWDOLW\ LQ
GDLU\ JRDWV WK ,QWHUQDWLRQDO &RQJUHVV RQ $QLPDO 5HSURGXFWLRQ 7KH +DJXH 1HWKHUODQGV SS 
+XPEORW 3 GH 0RQWLJQ\ * -HDQJX\RW 1 7HWHGRLH ) 3D\HQ % 7KLELHU 0 DQG 6DVVHU 5
*  3UHJQDQF\VSHFLILF SURWHLQ % DQG SURJHVWHURQH FRQFHQWUDWLRQV LQ )UHQFK DOSLQH
JRDWV WKURXJKRXW JHVWDWLRQ - 5HSURG )HUW  ±
.LUDNRIH * + :ULJKW - 0 6FKDOOHV 5 5 5XGHU & $ 3DULV 6 DQG 6DVVHU 5 *  3UHJ
QDQF\VSHFLILF SURWHLQ % LQ VHUXP RI SRVWSDUWXP EHHI FRZV - $QLP 6FL  ±
/DVWHU ' %  $ SUHJQDQF\VSHFLILF SURWHLQ LQ WKH ERYLQH XWHUXV %LRO 5HSURG  ±
/\QFK . $ $OH[DQGHU 5 0 DQG 6DVVHU 5 *  7KH FORQLQJ DQG H[SUHVVLRQ RI WKH ER
YLQH SUHJQDQF\ VSHFLILF SURWHLQ % E363% JHQH %LRO 5HSURG  6XSSO  $EVWUDFW 
2VERUQ ' $ %HFNHUV - ) 6XORQ - *DVVHW - : 0XOOHU / , 0XUSK\ % 3 0LOOHU . 9
DQG 0DUFKLQWRQ 5 /  8VH RI JO\FRSURWHLQ DVVD\V IRU SUHJQDQF\ GLDJQRVLV LQ
ZKLWHWDLOHG GHHU - :LOGO 0DQDJH  ±
3HUpQ\L =V  &RPSDULVRQ RI GLIIHUHQW 5,$ V\VWHPV IRU 3$*GHWHUPLQDWLRQ 3HUVRQDO FRPPXQLFDWLRQ
5DQLOOD 0 - 6XORQ - &DUUR 0 ' 0DQWFRQ $ 5 DQG %HFNHUV - (  3ODVPDWLF SUR
ILOHV RI SUHJQDQF\DVVRFLDWHG JO\FRSURWHLQ DQG SURJHVWHURQH OHYHOV GXULQJ JHVWDWLRQ LQ
&KXUUD DQG 0HULQR VKHHS 7KHULRJHQRORJ\  ±
5REHUWV 5 0 ;LH 6 1DJHO 5 - /RZ % *UHHQ - DQG %HFNHUV - )  *O\FRSURWHLQV RI
WKH DVSDUW\O SURWHLQDVH JHQH IDPLO\ VHFUHWHG E\ WKH GHYHORSLQJ SODFHQWD ,Q 7DNDKDVKL .
HG $VSDUWLF 3URWHLQDVHV 6WUXFWXUH )XQFWLRQ %LRORJ\ DQG %LRPHGLFDO ,PSOLFDWLRQV
3OHQXP 3UHVV 7RN\R SS ±
5XGHU & $ DQG 6DVVHU 5 *  6RXUFH RI ERYLQH SUHJQDQF\ VSHFLILF SURWHLQ % E363%
GXULQJ WKH SRVWSDUWXP SHULRG DQG HVWLPDWLRQ RI KDOIOLIH RI E363% - $QLP 6FL 
6XSSO $EVWUDFW 
6DVVHU 5 * &URFN - DQG 5XGHU & $  &KDUDFWHULVWLFV RI SUHJQDQF\VSHFLILF SURWHLQ % LQ
FDWWOH - 5HSURG )HUW  6XSSO ±
6DVVHU 5 * 5XGHU & $ ,YDQL . $ %XWOHU - ( DQG +DPLOWRQ : &  'HWHFWLRQ RI
SUHJQDQF\ E\ UDGLRLPPXQRDVVD\ RI D QRYHO SUHJQDQF\VSHFLILF SURWHLQ LQ VHUXP RI FRZV
DQG D SURILOH RI VHUXP FRQFHQWUDWLRQV GXULQJ JHVWDWLRQ %LRO 5HSURG  ±
6FLDUUD - - .DSODQ 6 / DQG *UXPEDFK 0 0  /RFDOL]DWLRQ RI DQWLKXPDQ JURZWK
KRUPRQH VHUXP ZLWKLQ WKH KXPDQ SODFHQWD HYLGHQFH IRU D KXPDQ FKRULRQLF JURZWK KRU
PRQHSURODFWLQ 1DWXUH  ±
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6RXVD 1 1 *DUED\R - )LJXHLUHGR - 5 6XORQ - *RQFDOYHV 3 % ' DQG %HFNHUV - )
 3UHJQDQF\DVVRFLDWHG JO\FRSURWHLQ DQG SURJHVWHURQH SURILOHV GXULQJ SUHJQDQF\ DQG
SRVW SDUWXP LQ QDWLYH JRDWV IURP WKH QRUWKHDVW RI %UD]LO 6PDOO 5XPLQDQW 5HVHDUFK 
±
6]DIUDQVND % ;LH 6 *UHHQ - DQG 5REHUWV 5 0  3RUFLQH SUHJQDQF\DVVRFLDWHG JO\
FRSURWHLQV QHZ PHPEHU RI WKH DVSDUWLF SURWHLQDVH JHQH IDPLO\ H[SUHVVHG LQ WURSKHFWR
GHUP %LRO 5HSURG  ±
6]HQFL 2 %HFNHUV - ) +XPEORW 3 6XORQ - 6DVVHU 5 * 7DYHUQH 0 $ 0 9DUJD -
%DOWXVHQ 5 DQG 6FKHNN *\ E &RPSDULVRQ RI XOWUDVRQRJUDSK\ ERYLQH SUHJQDQF\
VSHFLILF SURWHLQ % DQG ERYLQH SUHJQDQF\DVVRFLDWHG JO\FRSURWHLQ  WHVWV IRU SUHJQDQF\
GHWHFWLRQ LQ GDLU\ FRZV 7KHULRJHQRORJ\  ±
6]HQFL 2 +XPEORW 3 %HFNHUV - ) 6DVVHU 5 * 6XORQ - %DOWXVHQ 5 9DUJD - %DMFV\ È
&V DQG 7DYHUQH 0 $ 0  3ODVPD SURILOHV RI SURJHVWHURQH DQG FRQFHSWXV SURWHLQV
LQ FRZV ZLWK VSRQWDQHRXV HPEU\RQLFIHWDO PRUWDOLW\ DV GLDJQRVHG E\ XOWUDVRQRJUDSK\ 7KH
9HW - LQ SUHVV
6]HQFL 2 7DYHUQH 0 $ 0 %HFNHUV - ) 6XORQ - 9DUJD - %|U]V|Q\L / +DQ]HQ &K DQG
6FKHNN *\ D (YDOXDWLRQ RI IDOVH XOWUDVRQRJUDSKLF GLDJQRVHV LQ FRZV E\ PHDVXULQJ
SODVPD OHYHOV RI ERYLQH SUHJQDQF\DVVRFLDWHG JO\FRSURWHLQ  9HW 5HF  ±
:LOODUG 6 7 6DVVHU 5 * *LOOHVSLH - & -DTXHV - 7 :HOVK 7 + -U DQG 5DQGHO 5 ' 
0HWKRGV IRU SUHJQDQF\ GHWHUPLQDWLRQ DQG WKH HIIHFWV RI ERG\ FRQGLWLRQ RQ SUHJQDQF\ VWDWXV LQ
5RFN\ 0RXQWDLQ HON &HUYXV HODSKXV QHOVRQL 7KHULRJHQRORJ\  ±
:LOODUG - 0 :KLWH ' 5 :HVVRQ & $ 5 6WHOOIOXJ - DQG 6DVVHU 5 *  'HWHFWLRQ RI
IHWDO WZLQV LQ VKHHS XVLQJ D UDGLRLPPXQRDVVD\ IRU SUHJQDQF\VSHFLILF SURWHLQ % - $QLP
6FL  ±
:RRG $ . 6KRUW 5 ( 'DUOLQJ $ ( 'XVHN * / 6DVVHU 5 * DQG 5XGHU & $  6HUXP
DVVD\V IRU GHWHFWLQJ SUHJQDQF\ LQ PXOH DQG ZKLWHWDLOHG GHHU - :LOGO 0DQDJH  ±
;LH 6 *UHHQ - %DR % %HFNHUV - ) 9DOGH] . ( +DNDPL / DQG 5REHUWV 5 0 
0XOWLSOH SUHJQDQF\DVVRFLDWHG JO\FRSURWHLQV DUH VHFUHWHG E\ GD\  RYLQH SODFHQWDO WLV
VXH %LRO 5HSURG  ±
;LH 6 *UHHQ - %HFNHUV - ) DQG 5REHUWV 5 0  7KH JHQH HQFRGLQJ ERYLQH SUHJQDQF\DVVRFLDWHG
JO\FRSURWHLQO DQ LQDFWLYHPHPEHU RI WKH DVSDUWLF SURWHLQDVH IDPLO\ *HQH 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